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60 years of experiments at accelerators have
discovered the set of fundamental particles
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strange charm
up - down
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Accelerators gain us one frontier of the
physics spectrum

Accelerators Microscopes Binoculars Optical, radio télescopes

Particle physics looks at matter in its smallest dimensions and

accelerators are very fine microscope or, better, affo-scope!
L=h/p: @LHC: T=1TeV = A1=10"®m=1am (actually 30 zm)
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...back to Big Bang

* Trip back toward the Big Bang: t,=1/E-g,,
*T =1 ps for single particle creation
*T =1 ps for collective phenomena QGS (Quark-Gluon Soup)

But we are left with the task of explaining how the rich
complexity that developed in the ensuing 13.7 billion years

came about...
Whi%%}\% a much more complex task!
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Accelerators: the two frontiers

2 routes to new knowledge about the
i fundamental structure of the matter

High Energy Frontier High Precision Frontier

New phenomena
(new particles) Known phenomena studied
created when the with high precision may show

“usable” energy > mc? [*2] inconsistencies with theory




The method of HEP colliders

1) Concentrate energy on
particl:s (accelerator)

2) Collide particles (recreate
f  * § conditions after Big Bang)

Detector [t
e\ J

And both of them

need high
technology like
superconductivity
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THE MAIN COMPONENTS ’
OF THE LHC ACCELERATOR Accelerating CAVITY

Focusing MAGNET
(quadrupole)

~ Bending MAGNET
(dipole)

Collisions L
- — = ::.:_

Vacuum CHAMBER



CERN proton accelerator chain

CERN Accelerators

LHC : 2x(0.45 - 7) TeV T

= SPS:26-450 GeV

0.999999c by here

= PS:1.4-26 GeV
= PSB:0.05-1.4 GeV

0.87c by here

= Linac: 0-50 MeV

PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring

CNGS: Cern Neutrinos to Gran Sasso :ff""""";”‘“"“":;:l"'m“"
P45 D 0801

Start the protons out here
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SOURCE and LINAC?2

Duoplasmatron source Linac2 : in evidence the
accelerating RF structure
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Upgrade : LINAC4 (2016, in use from 2020)
H-and 160 MeV

Surface building =

Accelerator tunnel &
N




PSB (Booster): 1.4 GeV

Magnetic structure of PSB Actually are four rings. Each
Length : 150 m beam is injected in the PS

|
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The PS complex: injector for LHC and much
more...

Isolde physics

SPS(+) SPS() %7

East Hall physics

LIL & EPA

S

Linac2 J-M Elyn & E Fious 2001




SPS: 450 GeV proton beam
(in the 1980’s worked as p-pbar)

SPS tunnel (almost 7 km) SPS complex with experimental
- : area

SPS Layout
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CERN'’s particle accelerator chain: 40 km of
tunnels (rings and transfer lines)

From LINAC to LHC...

West Area

to Gran Sasso

AD

East Area
|
1
Linac Y
BOOSTER SOLDE lons i’ Y Leir
N
) p (proton) PP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
Ly Uy ion - proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Fligh

X

LHC PR

Db neutron b neutrino SPS SUp&rProtcr Syrichrétion” Smr&h@lﬁﬁhodﬁ%ﬁa Sa?séan 2018,



Superconducting accelerators

Circular Accelerators
Ecam = 0.3 B 1 [GeV][T][m]
—> superconducting bending and focussing magnets
= high-energy hadron synchrotrons

= Linear Accelerators
E.ecaw = E L [MeV] [MV/m][m]
—> superconducting acceleration cavities
= high-energy e*-e’linacs

I |

ﬂHiLumi’ ) T | ‘
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Superconductivity:
an enabling technology

e Superconductina LHC ‘ ‘ Normalcandiicting LHC

| Cryo-pumping) for beam vacuum is a big plus §

e Tunnel~ z7 KM e Tunnel 120 Km
e Fleld:8.3T '
€ eField:1.8T

* Cryoplant power at the o
plug: 40 MW: always on * Dissipated power at

collisi 2 MW
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LHC,; the largest instrument

27 km, p-p at 7+7 TeV

| 3.5+3.52010, 6.5+6.5 since 2014
|« 1232 x 15 m Twin Dipoles

| * Operational field 8.3 T @11.85 kA
. (9T design)

« HEII cooling, 1.9 K with 3 km
circuits (130 tonnes He inventory).

* Field homogeneity of 104, bending
strength uniformity better then 10-3,
Field quality control (geometric and ¥
SC effects) at 10->. Also during
ramp up (dynamic effects)

Gl




LHC , cont.

392 Main Quads Two-In-One rated for
a peak field of 7 T.

e About 100 other Two-in-One MQs

« 32 MQX (low-) single bore for
luminosity (design L=1-103* cm2s1),
70 mm apertures, about 8 T peak
field, high quality

» A «zoo» of 7600 «small» Sc magnets
(correctors and higher order magnets

« Total: 9 MJ stored energy (at nominal)

» Large detector magnets
ATLAS toroid — 25 mlong 1.2 GJ

CMS solenois — 12 m long 2.5 GJ

Sextupole
Magnets

MO
Octupole
Magnets

HL-LHC PROJECT .
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How NDb-Ti
superconductor are
fabricatred

e

30 cm diameterNb

billets for LHC+

courtesy Wah Ch
12 '







SCRF, Cryo...

400 MHz Standing wave RF

* 4 single cell cavities in
cryomodule, 2 crym per
beam. Total 16 cavities.

~» Sputtered niobium design (as
LEP)

e Gradient 5.5 MV/m nominal
(8 MV/m avallable)

 Nominal 2MV, up to 3 MV at
8 MV/m

Cryo : 8 x 18 kW@4.5K |
> py



LHC: 24 km of 10,000 SC magnets ... but much
more than magnets

'''''''

chkers for |nject|on
r" CERN Control Center "{

Large quantities of
ultra-precise power
converters

Hitumi Y ) - |
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The Iargest eye ATLAS SC TOROID
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After energy, luminosity is the most important
parameter of a collider

dN

event __
t - I—O-event

~ pp Cross section
E w?
: S
g ) total
g '!.-'hh_ = Frnabaange § g ereew " LHC = 14 TeV
[ i ‘.J"!:ih pp
0 M”'"II elastic
T lh’?‘a 1 i
P, GeVie
0 7 1 W Iﬂ? H?J i ! “}:r Tﬂu Iﬂr H?u




Higgs signature at LHC
(computer simulation, ca. 20006)

Proton beams will cross each other 100 millions time per second !

WE EXPECT ONLY 1 HIGGS IN
1,000,000,000,000 EVENTS




10 settember 2008:The success!
10 YEARS AGO!



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394
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Electrical connection in detail



http://www.ilsussidiario.net/

Extended damages

Design not robust 'again not ideal proce

Defects of procedure not identified by QA

Lack of adequate diagnostics (eyes)

mtectlon against collateral damage (Titanic syndrome?)




13 dicember 2009 :
record 2x1.18 TeV

200

Beam 1
16 bunches
150

000
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4 July 2012 :
discovery of higgs-like boson
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= S/BWeighted M

™ A R

stri

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval

<2000

CMS Preliminary —4— S/B Weighted Data

~w=s++ Bkg Fit
- \s=8TeV,L=53f" L ﬂi it Compenent

B +20

@ -
(51800F 's=7TeV,L=51"b" S+B Fit

©1600
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... but that’s only the beginning !
What's next ?

Standard Model Total Production Cross Section Measurements |

S

| 1
I m,, = 125 GeV | CMS Preliminary o ATLAS Preliminary | 8 ; % |
\s =7 TeV, L =5.1 15" s Aun12 y5=7.813 T8 | 6 3
\s=8TeV,L=531b" z ;. 'E
- a -]
it & . |
% status: Es
H— bb — } \arch 9018 &
b March 2018 | | [+ ]
[ b
W .::6 Fl
H—>Tt . o ?’
H a
o he aam
W [ s B
H— vy N = ' =4
i " C i
Wz A i
[ ¢ l.;l'
H— WW bl 72 i . | B
Ty—chan | Eﬁ .;:
= | u | | _i
H— ZZ —1—- ] = o . aesc
[ | EEEEEEE N N Ll Lo vaadoiaia 1:{ | -] | :-
-3 2 1 0 1_2 3 4 5 L i e G D PRl | L ... S
Best fit 6/c 10-* 10°* 102 10 1 100 10° 10° 10 10° 10° 10" 0510152025
SMH  [pb] data/theory

Measure the properties of the new particle

with high precision
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LHC today

Fault / Downtime
31%

e 70
et  66fbT
18 L ars
| § 50:_ ;‘J
|3
-B 40:_ Operation$
© E 16%
(o)) e
L 30— Int. Luminosi
< F Period 4 Yy
- [fb~]
20—
- Run 1 29.2
L= 2011
: e Run 2: 2015 4.2
0 =5 F— l 1 | 1 1
02-Mar 02-May 01-Jul 31-Aug 31-Oct 31-Dec Run 2: 2016 39.7
Run 2: 2017 50.2
Run 2: 2018 66.0

CEIRI R VINES T PAVEL NSO {4l Total Runi + Run 2 189.3
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Goal of High Luminosity LHC (HL-LHC):

; I ]
i | Wl ; II|
\ LURMA . L1
II'I L
B oyppie— | ! L=

/# Implying an integrated luminosity of 250 fb-! per year, \\
\# design oper. for p ~ 140 (= peak luminosity 5 1034 cm-2 512/

=» Operation with levelled luminosity!

=» 10x the luminosity reach of first 10 years of LHC operation!!

e C S, DESY Hamburg September 10™ 2018




High Luminosity: a luminous future for LHC!

LHC / HL-L

. Lt INJECTOR UPGRADE %%;;l
splice consolidation cryolimit =
7 TeV 8 TeV button collimators TDIS absorber intyeraction . HL LH(.: luminosity
R2E project 11T dipole & collimator regions installation
Civil Eng. P1-P5 ™~ .

‘ 2015 | 2016 ‘ 2017 ‘ 2023 | 2024 ‘ 2025 ‘ 2026 HHHM 2038

ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity ] upgrade phase 2
75% nominal luminosity PE— | ALICE - LHCb e !
nomina upgrade

luminesity
EXs 150 b 300 1| 3000 fb"! [

ED7 ——

- Hi-Lumi MAJOR CIVIL WORKS g TECHNICAL INFRASTRUCTURE
L

g DR L]
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HL-LHC: Pushing the technoloqgy!

“CRAB" CAVITIES
8 superconducting “crab”
cavities for each of the ATLAS
and CMS experiments to filt the
beams before collisions.

LHC TUNNEL

CIVIL ENGINEERING
2 new caverns and two new 300-metre
service galleries, two new large shaits;

10 new technical buildings on surface in P71 and P53

(ATLAS and GMS)

BENDING MAGNETS

2 pairs of shorter and more
powerful dipole bending magnets
to free up space for the new
collimators.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

CRYOGENICS

2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CMS

COLLIMATORS

15 to 20 new collimators and 60 replacement
collimaters to reinforce machine protection.

SUPERCONDUCTING LINKS

Electrical transmission lines based on a
high-temperature superconductor to carry
current fo the magnets from the new service |
galleries to the LHC tunnel.

L. Rossi - Dip. Fisica La Sapienza & INFN -




US-DOE and JP-
KEK are the biggest
contributor

(after CERN and
Member States)

Special in-kind from:
ES — CIEMAT

IT — INFN

SE — Uppsala

UK — STFC & C.I. Univ.

Canada/Triumf
China/I[HEP
Russia/BINP

DOE
Nb3Sn
R&D
LARP FP6
generic CARE
Nb3Sn
LARP
HiField | —FP7/——
qua EuCARD
2 HiField
RP Dip
emo FP7 DS
Hi-Lumi LHC

FP7
SLHC

s,
(IN)..

sLHCINJ
implem.

g —————— - - - —— -

Constr
uction >

J L

N

g

Z___upgrade

Injector

HL-LHC install.
commissioning
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HiLumi LHC: An international collaboration

2000

2005

2010

2015

2024




Prototypes built for the three candidates
(CERN-UK-USLARP Collaboration)

USLARP-BNL USLARP-ODU/SLAC UK-Cockcroft/Lancaster U

L. Rossi - Dip. Fisica La Sapienza & INFN - Roma - 9 Jan 2018



Crab Cavity consruction for SPS test at CERN
(DQW type)

String assembly completed
Aug 18, 2017

FPC on in Conditioning
Test box & installation of DT

HL-LHC PROJECT .
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CC in the SPS: First proton crabbing ever!
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RF phase scan w.r.t the beam phase with cavity 1: principle validated!
Transparency of CC to beam demonstrated! MDs very successful (with E limitation).
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utreatment of km long surface

>

MATERIALS

COMMERCIALACTIVATED CARBONS
FILTERCARB GCC 8X30

Today, carbon

Chemically
Activated
Carbons from
vegetal raw
materials

PRESENT LHC CRYOSORBER RIBBON

Alternatives

APAC
Physically Activated Carbons
from Amorphous Cellulose

Shaped carbon




HL- LHC magnet *Z00"

HX holes
Iron voke
CGFRF wedge

S

B o, smuck e _
- Coaling channel =

y B shioe

Duter collar

Iron Kev

“ Inner collar

: 55 shell
55 collar

Cails o o I”mw-l:c -
Triplet QXF (LARP and CERN) Orbit corrector (CIEMAT) Separatlon dlpole D1 (KEK)

Conling clannsl

b Coilarg

Eiiniess shistl shed

Recombination dlpole D2 (INFN)

Approximately 150 single
magnets and 50 cold
masses for HL-LHC

Sextupole (INFN) Octupole (INFN) Decapole (INFN)




High Luminosity LHC -1 New Triplets IT QUADs

Connection to LHC (UL)

\

~

SC Links

o=

Service gallery (UR)

IR A XS
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http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html

High Luminosity LHC — 2 New Matching section
|

UA gallery

Service cavern

_— Ee— | N
(BBLR) — : I ( ﬁ
~Q4 ‘ al *
S
Crab Cavities w

D2 ' ; T

1 7 "K“m;.‘.‘g i
Collimators :
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Personnel!
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http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html

WP17 (C.E. and Tech. Infr.) Status

= WP17.1: Civil engineering
= Preliminary design completed in December 2016
= Tendering design and contractual documents issued on July 2017
I

= Two main contracts (one for Point 1 and another one for Point
5) Awared and signed in March 2018!
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15 June 2015 : HiLumi LHC Groudbreaking
Ceremony

-

|

|
=
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b

NS
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Contract T117 — JVMM — LHC P1 (ATLAS)
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Contract T117 — JVMM — LHC P1 (ATLAS)

-LHC PROJECT L. Rossi - Dip. Fisica La Sapienza & INFN - Roma - 9 Jan 2018



Contract T117 — JVMM — LHC P1 (ATLAS)

HiLumi ’
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Contract T118 — CIB — LHC P5 (CMS)

Hitom Y (@) R |
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Contract T118 — CIB — LHC P5 (CMS)
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resent layout of the DS

region: . e 29 ¢ e HighLuminosity LHC

& e ¢ ¢

= 11 T dipole in the DS7

15.660 m

-440 -420 -400 -380 / -360 -340 -320 -300 -280
I Distance from IP7 (m)

By-pass with collimator dipole
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First 11 T prototype (full size) on test @ CERN

Result not positive (<10 T) - Magnet under rework to test second aperture alone
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IT quadrupole. Increase In field but also in size

wrt LHC. Very relevant also for FCC magnets

"’ »

3% Fermilab “©KEK

LHC (USA & JP, 5-6 m) T
@70mm, B, ~ 8T £ ]
19922005 | & g o

and

New structure based
on bladders and keys
(LBNL, LARP)

LARP & CERN

LARP HQ

Z3120mm, g?::mm

e

2013-2025
=
@ LARP I
iLumi ’ o |
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Auxiliary bushar lines (2x)
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2016 Full approval of HL-LHC by Council

2016 HL-LHC new ESFRI landmark (right)

The High-Luminosity LHC Project
ESFRI ROADMAP 2016

PART 1 PART 2 PART3 ANNEXES
Abstract

e e
LHC}) is presented. [t includes measurements of the Higgs boson properties with unprecedented

precision and increased potential in the search for new physics. Construction is expected to be .

completed by the mid-twenties, and by the mid-thirties the HL-LHC should have provided a tenfold < An upgrade _Of the f?’ghf,'ﬂ' H L'LHC

increase in the integrated luminosities recorded by the experiments. Main upgrade compeonents ene.rgypar?:de C,Omdef n the
include new-technology supercoducting magnets and current leads. The cost of the collider upgrade, “""”f”_f for exploring new
which will be realised within a constant CERN Budget, is estimated to be 950 MCHF. The main Byscs

technical challenges, as well as the ongoing R&D work and the main milestones of the implementation

plan, are described.

High-Luminosity Large Hadron Collider

TYPE: single-sited

COORDINATING ENTITY: CERN
MEMBER COUNTRIES: AT, BE. BG,
CH, CZ DE, DK, EL. ES, FI, FR, HU, IL,
IT, NL. NO, PK, PL, PT, RO, RS, SE,
SK. TR. UK

PARTICIPANTS: See

ACCELERATOR COLLABORATION

ATLAS COLLABORATION

CMS COLLABORATION

Description

TIMELINE
* ESFRI Roadmap entry: 2016 The Large Hadron Collider (LHC) at CERN is the highest-energy particle collider in
- Preparation phase: 2014-2017 the world. The ATLAS and CMS experiments at the LHC have provided the
« Construction phase: 2017-2025 breakthrough discovery of the so-called Higgs boson. This discovery is the start of a

The 29 ESFRI Landmarks which have now reached the implementation phase are pan-European hubs of scientific
excellence, generating new ideas and pushing the boundaries of science and technology. They are important pillars
of European research and innovation for the next decades and they will require continuous support to fulfil their
mission and ensure their long-term sustainability.
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HiLumi LHC:
preparing technology for next big steps
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Future Circular Collider

FCC
Circumference (km) 97.5
Dipole field (T) 16
C.0.M. energy (TeV) 14 100

Courtesy of M. Benedikt, FCC




CERN/EU program for 16 T dipole

Fur:CirCo

WP5

Finland

TUT

¢ 1 Maw AlFwacs
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UNIVERSITY
OF TAMPERFE

Is it possible? Do we have a superconductor?

We need 300-400 A/mm? of average current density J,
= 1000-1200 A/mm? of critical curent density J.

at the relevant field (16 T) + margin...

-w-:ag, —u - e !
taly NOP4d  DE GENEVE
INFN ’ [}

{J { INFN
Spain P A
CIEMAT N
 J o I _: nnnnnnnnnn o C..em‘.t S
b % DE ESPARIA ECONOMIA Centra de Investigaciones
- a Energéticas, Medioambientales
¥ Tecnolégicas -

i.e 1500 A/mm?2

Design a 16 T accelerator-quality model

HiLumi Y (e
b, __’I_-_l_L-LHC PH[}.J_ECT

dipole magnet by 2018
Courtesy of M. Benedikt, FCC




Nb,Sn: the workhorse of the “near Future”

Solid objectives for the FCC conductor R&D
5000 | -
- \ \36 NbSSn Dstrand: 071 mm
4000 ‘ "(ﬂ('\1 ‘JC (16 T,4.2 K) > 1500 A/mm?
"%, . \\ M (1 T,4.2 K) <150 mT (D;; < 20 um)
3000 % RRR > 150
E 245‘&\ UL > 5 km
~Z 2000 Y Cost(16 T, 4.2 K) <5 USD/KAm
) _ 1350 @ Presentation given at “50+10 years”
1000 \\ Panel Session at the ASC,
i \ Charlotte (US), August 10t-15t 2014

5 10 15 20 25
field (T)

The goal is ambitious but not impossible.
Cost wil be probably the most challenging

e ) - |
HL-LHC PROJECT 7 L. Rossi - Dip. Fisica La Sapienza & INFN - Roma - 9 Jan 2018




Conductor R&D O & v [OFHENE

Specification: 1500 A/mm? @ 16T, 4.2K

o’
2850 A/mm? @ 12T, 4.2K
~ 1250 A/mm?2 @ 16T, 4.2K

350m

300w

200w

150m : : : : : :
L+ = s s s s 5 8 5 8 5
330 340 350 360 370 380 390 400 410 420 430

1750 A/mm? @ 15T, 4.2K
= 1400 A/mm? @ 16T, 4.2K

AFLIRLIKFIUJH
= ELECTRIC

= 950 A/mm? @ 16T, 4.2K

' | - KAT

1274 A/lmm? @ 15T, 4.2K
~ 1000 A/mm?2 @ 16T, 4.2K

Hitum Y (@) - Dip. Fisca La Sopi
HL-LHC PROJECT 7 L. RosslI - Dip. Fisica La S

& INFN - Roma - 9 Jan 2018
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FCC Magnet Designs Ul

T, < 350 K

Doyt = 600 mm

HE-LHC !

blocks cos(0) common coil

Current (A) 11230 10000 16100
Inductance (mH/m) 40 50 19.2
Stored (kJ/m) 2520 2500 2490
energy
Coil mass (tons) \7400 7400} 9200

Very efficient use of superconductor  Simplified mecnanics a
manufacturing ?

Hio) L. Rossi - Dip GOMITESY,RFD < Tammasinis GERN



Current
Inductance

Stored
energy

Coil mass

(A)
(mH/m)
(kJ/m)

(tons)

18055
19.2
3200

9770

CCT option
Canted CosTheta
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FCC 16T plan ‘est . Pinningmm ;

Cu maatrix

..'_-—-"'"" Sni, e

Conductor R&D

Activity Begin End 2016|2017|2018|2019 | 20§ 2025|2026|2027|2028|2029| 2030
| P — [ ] T T
FCC Conductor Program 01052015 31.12.2029
I I
Superconductor R&D program - phass | 00012016 300062020
superconductor R&D program - phase 11 30006.301%  31.12.2023 -
State-ol-the-art wire far demaonstraters (150 bm) 30067016 31.12,2017 -
Wire procurement [or models and pratetypes 3000632017 3112.2024
]
Core magnet technology R&D oLo12015 30062001
I
Design, manufacture and test of ERMC 0102016 30.06.2018
I .
Design, manufacture and test of RMM 30062016 30.06.2019
|
FCC 16 T Models sopsz018 31122002
FCC 16 T Prototypes 01012083 31.12.2025
FCC Production 01.01.2026 21.12,2033

L s
From Luca.Bottura-CERN =%~
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Highest “dipole” fields §
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10’000 I | | = == YBCO: Parallel to tape
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L. Rossi — E. Todesco

40 mm aperture
Now the standard is more 50 mm

L

800

200

Eng. current density (A/mm?2)

(=]

600

400

20 T dipole hybrid proposed
in 2010 for HE-LHC

_\

Bi-2212

" \
z
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How to go to increase collision energy of constituents
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Plasma acceleration: 1000 times smaller...
Or 1000 times more powerful?




Super proton-proton Collider
In China — Based on HTS

. b= Circumference (km) 26.7 97.5 100
ANy < Dipole field (T) 8.33 16 12...24
"L C.0.M. energy (TeV) 14 100  70...125

L. Rossi - Dip. Fisi€2 0kIst@8Yz Ok QFXURoHd ERjaCN18



Short accelerator dipole demonstrator ~ Eucmn
40 mm aperture, cable (not smgle element)
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A5 T, 40 mm bore HTS based dipole demonstrator
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. 7 EUCARD?
Dipole demonstrator results ~—

i

[ 3.357T
%‘( 3 - 35 T Feather-M2.1-2 (SuperOx, Sunam)
EuCARD?2 // Future Magnets
6 High Ramprate
K- e
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Can we extrapolate linearly from the past
To go BEYOND FCC? = ELN?

e e
[ N =

Central field (T)
o

o N B O 00

Dipole Field for Hadron Collider

7 EUCARD?

5T HTS
demos

20 T is not

out of reach

HTS
Nb,Sn ‘-_‘.__,.HL-LHC
r"'f_‘*r
=
Nb-Ti ____..--'Sgsc LHC
Tevatrcw _‘..-"FI-E‘RA o RHIC
=
SPS & Main Ring (resistive)
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Year

>
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Working on unconventional desing of the end
magnet shape

FRESCA?2 like

z-axis [m]

From Jeroen van Nugteren
and Glyn Kirby -CERN
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Superconductivity and Renewable Energy Technology

1,000-Mile, 5 Gigawatt Power Equivalents
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The legacy of HEP (CERN) : 30 years of WWW!!!

Tim Berners-Lee

1989 il WEB

2009 la celebrazione

_ Robert Cailliau

(>



New medical «eyes»: PET

Prima immagine PET CERN, circa 1975




New medical «eyes»: MRI

transmitted radio waves emitted radio waves

SCv4

o\

pu—— —

P p— magnetic field
| direction
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Hadron therapy

Courtesy of PSI - Villigen




FCC is the natural evolution of HL-LHC but need further

pushed technology advancement D)
Arpalt (( j
e f \ )

Novel Materials
and Processes

Large-scale
Cryogenics

| High-field Magnets
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Global Scale
Computing
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Stimulating innovation...

Refining candles would not have led
ndle into electric bulbs ...

... Or making better vacuum tubes would not
have resulted in transistors
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Old structures, new structures

Restraining forces
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02 LBNL: Bladder and keys

| mid 1970’s. ENAL: Collared coils .R. Hafalia, et al., IEEE TAS, 12(1) (2002), pp. 47-50.
A. Tollestrup, Proc’. Int Conf. (;n the History of Original 2014’ LBNL: CCT 2017’ FNAL: SM COS(@)

Ideas and Basic Discoveries in Particle Physics, Erice _ V. Kashikin, et al., Proc. IPAC, Copenhagen (2017),
(1994). S. Caspi, et al., IEEE TAS pp. 3597-3599.

(2014), p. 4001804.
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1975, MIT: CICC ™
M.O. Hoenig, et al., Proc. 5th Magn.
Tech. Conf., Frascati(1975), p. 519.

1998, TAMU: Stress management

N. Diaczenko, et al., Proc. PAC, Vancouver (1997), pp.3443-3345.
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